Introduction
============

The number of reported new cancer cases is increasing every year. In the Swedish Cancer Registry, the validity of which relies on the inclusion of approximately 98% of cases having morphologic verification, the average annual increase has been 2.1% for men and 1.5% for women during the last two decades.[@b1-cmar-6-105] Only about half of this increase is explained by aging of the population and in many cases cancer patients are very young. Similar data have been observed in other European countries and in the US.[@b2-cmar-6-105] The good news is that the probability of surviving cancer today is high and is continually improving. Rates of survival today are above 80% for various cancer types, in particular for very young patients, such as those presenting with cancer in childhood or early adulthood.[@b3-cmar-6-105] Survivorship issues have therefore become highly relevant as well as quality of survival encompassing all health aspects.

The diagnosis of cancer at a young age, when individuals may have not yet started their families, poses unique challenges because treatments for cancer may induce ovarian or testicular failure by damaging ovarian follicles in females and spermatogonia in the testis in males. Gonadal failure may affect all aspects of reproductive health, including pubertal development, hormone production, and sexual function in adults. When cancer is treated by surgery, fertility may be impaired by removal or damage of the organs needed for reproduction.

The gonadotoxic effects of chemotherapy and radiation therapy are well recognized. These are dose-dependent and have been well characterized regarding the protocols used.[@b3-cmar-6-105]--[@b12-cmar-6-105] Radiotherapy in females may also damage the uterus.[@b13-cmar-6-105],[@b14-cmar-6-105] Gonadotoxicity is particularly dependent on age in females, because the number of primordial follicles making up the female ovarian reserve is nonrenewable and diminishes steadily over the years until complete follicle depletion, which denotes menopause onset. Given that women who are older have a reduced reserve of eggs when compared with younger women, their risk of developing permanent ovarian failure is higher, whereas the risk may be relatively low in young women and girls following similar treatments.[@b14-cmar-6-105] If young patients present with apparently normal ovarian functioning after completion of cancer treatment, their reproductive period might be reduced and adequate reproductive counseling is recommended.[@b15-cmar-6-105]

In males, spermatogenesis may still continue over several years if the spermatogonian cell population is not completely depleted. If a population of these germ stem cells remains after cancer treatment, regeneration of spermatozoa may continue for years.[@b16-cmar-6-105]

The ability to start a family and have children is a key quality of life issue. Because infertility following cancer treatment has a recognized negative impact on quality of survival,[@b17-cmar-6-105]--[@b21-cmar-6-105] several multidisciplinary groups and societies have made great effort in reviewing the currently available data on fertility preservation to produce guidelines for health care providers. Options to preserve fertility potential are currently available, and fertility preservation has emerged as a novel field where experience from disciplines such as oncology, surgery, reproductive medicine, psychology, and ethics are crossing over, and additional medical and paramedical disciplines are currently joining in. However, many inequalities for cancer patients in their access to counseling and fertility preservation have been reported.[@b22-cmar-6-105]--[@b24-cmar-6-105]

It is difficult to estimate the size of the population that may be interested in fertility preservation. Further, the risk of infertility differs depending on the type of cancer, treatment required, and age of the patient. The desired number of children is a very individual wish, and patients in similar clinical circumstances may have different wishes. For males, it is difficult to define a "reproductive age", and regardless of age, a man could preserve sperm for the future, whereas the age-related follicle depletion in females, which occurs several years before onset of menopause, clearly denotes the end of the reproductive period.

Risk of cancer in young males and females
=========================================

For men and women, the overall risk of developing cancer at some time during life is about 45% and 37%, respectively.[@b25-cmar-6-105] That risk increases with age in both sexes, and for people below 39 years of age, the risk is about 1/72 for men and 1/51 for women. In the age range of 40--59 years, the risk increases further to 1/12 for men and 1/11 for women. Given that the current trend in Western societies is to delay childbearing until later in life, there will be more young adults presenting with cancer who have not yet started their families and are interested in preserving their fertility. The most frequent cancer diagnoses in young adults and expected new cases in the US for the year 2014 are shown in [Table 1](#t1-cmar-6-105){ref-type="table"}.[@b26-cmar-6-105]

Risk of infertility after cancer treatment and what can be offered
==================================================================

Local and systemic treatment modalities for cancer may affect fertility. This paper discusses fertility preservation approaches in oncologic surgery and in patients facing fertility threats due to radiation therapy and chemotherapy. Biological therapy is not discussed, given that its impact on reproduction is largely unknown. Hormonal treatment for cancer, which is targeted to specific hormone receptors, is discussed with regard to hormone-sensitive breast cancer. [Figure 1](#f1-cmar-6-105){ref-type="fig"} shows the strategies for fertility preservation depending on the type of cancer treatment.

Fertility-sparing surgery
=========================

Surgical techniques aiming at preserving the reproductive organs without compromising survival are relatively recent and the procedures are still evolving. Indications for fertility-sparing surgery include, in general, a well differentiated low-grade tumor in its early stages or with low malignant potential.

Fertility-sparing surgery in females
------------------------------------

The global rates of fertility-sparing surgery in females are currently unknown. [Table 2](#t2-cmar-6-105){ref-type="table"} presents a compilation of data on female patients with gynecologic cancer undergoing conservative surgery aiming at preserving fertility. Young women presenting with borderline ovarian tumors may be offered a single oophorectomy, and this procedure appears to be safe with regard to oncologic outcome.[@b14-cmar-6-105] Another well-established surgical procedure for fertility preservation in young women is radical trachelectomy.[@b27-cmar-6-105] This may be offered in cases of early-stage invasive cervical cancer. Data on nearly 1,500 cases have been published, mostly from European countries, Japan, the US, Canada, China, and Argentina.[@b28-cmar-6-105]--[@b33-cmar-6-105] A vaginal approach to radical trachelectomy was undertaken in about two thirds of these cases, and approximately 300 pregnancies resulting in live births, half being premature, have been reported.[@b34-cmar-6-105] An abdominal approach to trachelectomy was undertaken in the remaining 485 cases. Although 413 of these women were regarded as fertile after the procedure, only 113 (38%) attempted a pregnancy and 67 achieved a live birth (59.3%).[@b35-cmar-6-105] Cervical stenosis and subfertility are common after this type of surgery but, in general, the procedures appear to be safe, with no major complications recognized and no higher risk of recurrence having been observed. Recent reports suggest that patients with stage I cervical cancer 2--4 cm in diameter may also be offered a radical trachelectomy in selected cases, after negative nodal metastasis findings following laparoscopic pelvic and para-aortic lymphadenectomy for staging[@b36-cmar-6-105] or whenever para-aortic nodes are not involved and frozen sections taken intraoperatively had provided safe results.[@b37-cmar-6-105] However, in these series, 45% of patients required immediate hysterectomy or chemoradiotherapy owing to high-risk features on final pathology.

A recent European study has raised concerns regarding the need to centralize fertility-sparing surgery at accredited units to ensure a sufficient number of patients at each center aiming at maintaining quality of health care, given that the incidence observed after collecting data from several countries has been low.[@b38-cmar-6-105] Fertility-sparing surgery has also been reported in pregnant women, including abdominal radical trachelectomy[@b39-cmar-6-105] and vaginal trachelectomy with lymphadenectomy,[@b40-cmar-6-105] resulting in live births and preservation of fertility.

Fertility-sparing surgery in males
----------------------------------

Oncologic surgery for prostate, bladder, or colon cancer may damage nerves and affect potency or ejaculation. In patients presenting with testicular cancer, hormone secretion and sperm production may be preserved by performing a partial orchiectomy, which has become an established method for selected patients. In particular, a conservative approach should be undertaken when the testicular mass is small and radical orchiectomy may result in anorchia.[@b41-cmar-6-105] The German Testicular Cancer Study Group reported a 98.6% disease-free survival rate at 7-year follow-up after conservative surgery for tumors \<2 cm in 73 patients.[@b42-cmar-6-105] However, the benefits must be weighed against the risk of tumor recurrence in these patients. It may advisable to offer sperm banking prior to surgery, even to patients who may consider a partial orchiectomy at the outset ([Figure 1](#f1-cmar-6-105){ref-type="fig"}). Successful cases of sperm retrieval from the cancerous testicle in men with azoospermia at the time of radical orchiectomy have been reported, as well as sperm extraction from the epididymis and vas deferens of the orchiectomy specimen. Sperm obtained in this way has been cryopreserved and its use in fertility treatment has resulted in live births.[@b43-cmar-6-105],[@b44-cmar-6-105] Sperm may also be recovered from the contralateral noncancerous testicle at the time of orchiectomy in patients with azoospermia.[@b45-cmar-6-105]

Fertility preservation options for females and males undergoing radiotherapy
============================================================================

Radiation therapy is used for several cancers in young patients and may be applied in a field affecting the reproductive organs in cases of Hodgkin's disease, Ewing's sarcoma, gynecologic cancer, and prostate cancer. In both sexes, the gonads are very sensitive to radiotherapy, and the extent of damage depends on the dose, fractionation schedule, and irradiation field.[@b46-cmar-6-105]--[@b48-cmar-6-105] Total body irradiation given in conjunction with myeloablative conditioning prior to bone marrow transplantation is associated with a high risk of gonadal failure in both sexes.[@b49-cmar-6-105],[@b50-cmar-6-105] In prepubertal patients, failure of pubertal development may be the first sign of gonadal failure.[@b50-cmar-6-105] [Table 3](#t3-cmar-6-105){ref-type="table"} presents a compilation of current knowledge on the impact of radiation doses and age at radiotherapy in females and males.[@b48-cmar-6-105]

In females, all reproductive organs may suffer damage by direct irradiation if they are included in the irradiation field, but can also be damaged by scattered radiation, even after shielding. The degree and persistence of ovarian damage is influenced by the ovarian reserve and age at the time of exposure to radiotherapy. Thus, older women who present with a reduced number of follicles in the ovaries are at higher risk of permanent ovarian failure.[@b11-cmar-6-105] In general, a dose of about 2 Gy applied to the gonadal area may destroy up to 50% of the ovarian follicle reserve. Irradiation of the vagina is related to fertility and sexual issues due to loss of lubrication, anatomic impairment, and in some cases vaginal stenosis. Radiotherapy of the uterus in young women and girls causes tissue fibrosis, leading to restricted uterine capacity and blood flow, and damage to the uterus seems to be more pronounced in women who are younger at the time of radiotherapy.[@b51-cmar-6-105] Impaired uterine growth during pregnancy and unfavorable pregnancy outcomes, including spontaneous abortion, premature labor, and low birth weight offspring, have been reported in women who had undergone radiotherapy to the uterus.[@b13-cmar-6-105],[@b51-cmar-6-105]

In males, the spermatogonia are extremely sensitive to radiation, regardless of age. Leydig cells, on the other hand, are highly sensitive to radiation before puberty onset,[@b52-cmar-6-105] whereas in adulthood, the cells become more resistant, and adult patients may retain Leydig cell function and testosterone production despite becoming azoospermic.

For females and males, both adult and prepubertal, shielding of the gonadal area is the standard procedure for reducing scatter radiation to the reproductive organs and to preserve fertility. Surgical ovarian transposition in females has been practiced and has been shown to reduce the risk of ovarian failure by about 50%.[@b53-cmar-6-105] Failure of this procedure is related to scatter radiation and damage to the blood vessels supplying the ovaries.[@b53-cmar-6-105]

In adult patients, cryopreservation techniques, such as sperm banking for males and embryo and oocyte banking for females, both of which are now established methods, may also be considered prior to radiotherapy ([Figure 1](#f1-cmar-6-105){ref-type="fig"}).

Cranial irradiation for the treatment of brain tumors may induce infertility in both female and male patients by disruption of the hypothalamic-pituitary-gonadal axis and disturbance of gonadotropin secretion. In some cases, precocious puberty may also be induced by cranial irradiation in childhood, which has been attributed to cortical disruption and loss of inhibition by the hypothalamus.

Fertility preservation options for patients undergoing chemotherapy
===================================================================

Most chemotherapy protocols combine several agents and there is the possibility of a synergistic gonadotoxic effect.[@b54-cmar-6-105] In females, the primordial ovarian follicles, including oocytes and granulosa cells, are particularly sensitive to alkylating agents, and ovarian failure is common after alkylating treatment.[@b11-cmar-6-105],[@b15-cmar-6-105],[@b49-cmar-6-105],[@b50-cmar-6-105],[@b55-cmar-6-105] Apoptosis-induced chemotherapy has been demonstrated in vitro[@b53-cmar-6-105] and in vivo[@b56-cmar-6-105] using human ovarian tissue xenotransplanted into the SCID mouse. While claims have been made that chemotherapy may induce ovarian follicle depletion by massive activation of inactive follicles to grow in mice,[@b57-cmar-6-105] these have not been substantiated[@b58-cmar-6-105] or supported by work using human material.

The presence of a rich ovarian reserve with high numbers of follicles in the ovaries, typical during childhood and young adulthood in females, is in itself relatively protective against chemotherapy-induced follicle damage. Girls and very young women who have undergone chemotherapy have a lower risk of ovarian failure and permanent infertility than older women after such treatment.[@b11-cmar-6-105],[@b15-cmar-6-105] Recent follow-up of survivors of cancer in childhood and adolescence corroborates this.[@b55-cmar-6-105] Experimental data from prepubertal and adult mouse models treated with cyclophosphamide do not support the notion that a prepubertal stage would be protective for the primordial follicles.[@b58-cmar-6-105]

Toxicity of chemotherapy to growing oocytes has also been demonstrated,[@b59-cmar-6-105] and the clinical recommendation to avoid conception in the 6-month period immediately following completion of chemotherapy is widely practiced. The high risk of teratogenesis during or immediately following chemotherapy has been shown to diminish thereafter, with DNA integrity returning over time after cancer treatment.[@b60-cmar-6-105] No increase in childhood malignancies or genetic malformations have been found in surveys of more than 4,000 children of cancer survivors.[@b61-cmar-6-105]--[@b63-cmar-6-105] Of note, chemotherapeutic agents such as doxorubicin and cyclophosphamide may induce double-stranded DNA breaks.[@b64-cmar-6-105] Oocytes are now known to have the ability to repair double-stranded DNA breaks and some oocytes may eventually repair these mutagenic DNA breaks and survive. This underscores further the importance of giving the ovaries some time to recover after chemotherapy.

In male patients, younger age or prepubertal status does not provide protection against the damage done to the gonads by alkylating agents.[@b54-cmar-6-105] Given that most chemotherapeutic agents are given as part of a combination regimen, it has been difficult to quantify the gonadotoxicity of individual drugs. [Table 4](#t4-cmar-6-105){ref-type="table"} shows the impact of chemotherapeutic agents on the female and male gonads.

For patients with a high risk of becoming infertile due to cancer treatment, evidence-based guidelines for fertility preservation following a systematic review and formal procedures for creation of guidelines have been provided by several groups, including the American Society of Clinical Oncology,[@b53-cmar-6-105] which have recently been updated,[@b65-cmar-6-105] the National Institute for Health and Clinical Excellence in the UK,[@b66-cmar-6-105] the Scottish Intercollegiate Guidelines Network,[@b3-cmar-6-105] and the Clinical Oncological Society of Australia,[@b67-cmar-6-105] among others. Reproductive science societies such as the American Society for Reproductive Medicine,[@b68-cmar-6-105] the European Society of Human Reproduction and Embryology,[@b68-cmar-6-105] and the International Society of Fertility Preservation,[@b69-cmar-6-105] have also provided practice guidelines and now promote clinical, educational, and research activities regarding preservation of fertility. Nevertheless, the field of fertility preservation is rapidly evolving, in particular because assisted reproductive technologies, as well as cryopreservation, transplantation, and in vitro culture methods, are developing rapidly, and new treatment options may be available in the near future. When facing gonadotoxic chemotherapy, the options of freezing sperm for males and freezing of embryos for females have been established methods for many years. Recently, due to improvements in freezing of oocytes by vitrification, the American Society of Reproductive Medicine has also introduced vitrification of oocytes as an established method and the updated American Society of Clinical Oncology guidelines reflect this change.[@b65-cmar-6-105] The UK Association of Clinical Embryologists also recommends offering both vitrification of embryos or oocytes for routine fertility preservation.[@b70-cmar-6-105] Additional options, such as freezing of ovarian tissue and prepubertal testicular tissue, are still considered experimental, but are the only options that can be offered to prepubertal children.[@b53-cmar-6-105]

Sperm banking for male patients
-------------------------------

Cryopreservation of ejaculated semen is the recommended fertility preservation method for adult males and pubertal boys, and should be offered routinely to cancer patients.[@b71-cmar-6-105] Mature spermatozoa can be found at Tanner III stage with a testis volume above 5 mL; nevertheless, production of spermatozoa is generally effective only at the age of 13--14 years.[@b72-cmar-6-105] Successful sperm cryopreservation has been reported in adolescent patients from the age of 13 years, with a high prevalence of normal sperm counts and semen volume.[@b73-cmar-6-105],[@b74-cmar-6-105] Cryopreservation of at least three semen samples with an abstinence period of at least 48 hours in between samples is recommended for male patients interested in preserving fertility.[@b75-cmar-6-105]

In cases of ejaculation failure, search for spermatozoa in a urine sample could be proposed. Testicular sperm extraction can also be performed to retrieve spermatozoa in young men and adolescents.[@b74-cmar-6-105] The use of mature sperm isolated from testicular tissue has been demonstrated to be effective for in vitro fertilization (IVF) and intracytoplasmic sperm injection.[@b44-cmar-6-105],[@b76-cmar-6-105] Other methods described for retrieval of spermatozoa in adolescents include penile vibratory stimulation and electro-ejaculation.

Cryopreservation of embryos or oocytes for females
--------------------------------------------------

Retrieval of oocytes for freezing or IVF of the retrieved eggs and freezing of embryos are now established methods for adult females. In most countries, women with a partner choose to have embryos frozen. In some countries, women can use donor sperm if they do not have a partner to fertilize their eggs and then freeze the embryos. Ovarian stimulation with gonadotropins is needed to obtain more than one oocyte per cycle and is a key component in the success of IVF cycles as well as cycles aiming to preserve fertility. Although these methods are widely available, the costs inherent in fertility drugs and IVF procedures seem to be a barrier limiting access of patients to preservation of fertility,[@b22-cmar-6-105] and time constraints may also be a limitation for female patients.[@b20-cmar-6-105] Use of random-start antagonist protocols, the feasibility of which is supported by demonstration of up to three major follicle-recruiting waves during a normal menstrual cycle,[@b77-cmar-6-105] has challenged the concept that antral follicles observed in the luteal phase are mostly atretic. Random-start protocols have thus proved to be efficient for fertility preservation while shortening the delay to egg retrieval to about 2 weeks.[@b78-cmar-6-105],[@b79-cmar-6-105]

After freezing of embryos, success rates for transfer of thawed embryos are currently similar to those for fresh embryos if they remain intact after thawing, and this treatment can lead to a 59% pregnancy rate and a 26% live birth rate.[@b80-cmar-6-105]

The freezing methods used for unfertilized oocytes have advanced remarkably in recent years, with the development of vitrification techniques that have improved oocyte survival and fertilization rates, approaching those reported for fresh oocytes. Worldwide, an increasing number of pregnancies and children born after fertilization of frozen-thawed oocytes has been reported, and although overall pregnancy rates are still relatively lower than those with embryo-freezing,[@b81-cmar-6-105]--[@b83-cmar-6-105] pregnancy rates and live births after thawing and fertilizing frozen eggs are currently reaching those obtained after embryo cryopreservation.[@b84-cmar-6-105] In a recent meta-analysis of individual patient data, raw data from 1,805 women from 10 studies who underwent egg-freezing and attempted pregnancy were reanalyzed. Using these data, the authors were able to calculate specific success rates based on age, number of eggs, and method of freezing.[@b85-cmar-6-105] The formula used can be found at <http://www.i-fertility.net/index.php/probability-calc>.

Concerns when women with breast cancer are interested in preserving fertility
-----------------------------------------------------------------------------

Counseling a breast cancer patient regarding her options for fertility preservation should include several important factors other than just the impact of chemotherapy on ovarian reserve. The age of the patient, the number of children desired, concerns regarding type of tumor, presence of BRCA mutation, hormone sensitivity, and concerns regarding the possibility of pregnancy after treatment for breast cancer may vary greatly between patients, so there is no "one-size-fits-all" approach.[@b86-cmar-6-105] Early referral has been demonstrated to improve the outcome of embryo and oocyte cryopreservation in women with breast cancer by enabling early initiation of chemotherapy. Early referral for fertility preservation may also improve the likelihood of success by allowing, in some cases, repeated stimulation cycles aiming at obtaining a larger number of oocytes or embryos for cryopreservation before treatment of the cancer. Women with breast cancer and BRCA gene mutations seem to present with reduced ovarian reserve at a young age.[@b87-cmar-6-105]

Women with hormone-sensitive tumors who are embarking on a 5-year course of tamoxifen should be informed about the negative impact of increasing age on fertility. The recent ATLAS (Adjuvant Tamoxifen: Longer Against Shorter) study indicated that 10 years of treatment with tamoxifen is superior to a 5-year course, and this will result in a larger proportion of breast cancer patients needing preservation of fertility due to the enforced delay of childbearing. Tamoxifen itself does not affect the ovarian reserve, but the delay in attempting pregnancy for 5--10 years may render some patients infertile by virtue of the impact of aging on their already diminished ovarian reserve. Many breast cancer patients, in particular women who are older than 33 years of age at the time of starting on tamoxifen, may benefit from fertility preservation even when they do not receive chemotherapy[@b88-cmar-6-105] ([Figure 1](#f1-cmar-6-105){ref-type="fig"}). However, patients presenting with hormone-positive breast cancer have most likely been excluded from any options to preserve fertility, in particular those requiring gonadotropin stimulation, because the supraphysiologic elevation of circulating estradiol levels occurring during gonadotropin stimulation is undesirable and has been regarded as potentially harmful.[@b88-cmar-6-105] In fact, because estrogen can have receptor-independent actions, even women who are estrogen receptor-negative are not generally offered the option of embryo or oocyte freezing.

Natural cycle IVF without hormone stimulation has been regarded as a safe alternative in these patients. However, it has reduced efficacy when compared with gonadotropin-stimulated cycles, because it yields only one oocyte or embryo per cycle and the rate of cycle cancellation is high. Ovarian stimulation by selective estrogen receptor modulators and aromatase inhibitors alone or in combination with gonadotropins has been proposed to reduce the potentially harmful impact of high estrogen levels.[@b88-cmar-6-105] Both tamoxifen and letrozole have been investigated and implemented in protocols for ovarian stimulation in women with breast cancer. Stimulation protocols using letrozole alongside gonadotropins have been demonstrated to be the most effective, because they are associated with a higher number of oocytes recovered and fertilized when compared with tamoxifen protocols.[@b89-cmar-6-105] Letrozole is currently used in the treatment of anovulatory infertility in many countries, and its use for fertility treatments aiming at conception has not revealed any increased risks to the fetus.[@b90-cmar-6-105] Follow-up of breast cancer patients who have undergone ovarian stimulation with letrozole for fertility preservation has not identified any detrimental effects on survival in the short-term.[@b91-cmar-6-105],[@b92-cmar-6-105]

Freezing immature oocytes may also be an option for preservation of female fertility in cases where there is not time available for stimulation. Oocytes are retrieved in the natural cycle and frozen at an immature stage or after maturation in vitro.[@b93-cmar-6-105] In vitro maturation of oocytes for fertility preservation has also been reported for immature eggs obtained after gonadotropin stimulation.[@b94-cmar-6-105]

Cryopreservation of gonadal tissue
----------------------------------

Cryopreservation of ovarian tissue as a method of fertility preservation for adult females has been demonstrated to be effective, with successful recovery of fertility and live births having been reported after retransplantation of the tissue.[@b95-cmar-6-105]--[@b97-cmar-6-105] In prepubertal children facing gonadotoxic treatments, cryopreservation of gonadal tissue has also been undertaken for fertility preservation.[@b98-cmar-6-105] Methods for freezing adult and prepubertal gonadal tissue have been developed and improved over the years, but methods for using such tissues in fertility treatment by tissue retransplantation or in vitro culture and maturation of gametes are still under development.[@b53-cmar-6-105],[@b65-cmar-6-105],[@b99-cmar-6-105],[@b100-cmar-6-105]

### Cryopreservation and transplantation of ovarian tissue for females

Ovarian tissue freezing aims at preserving eggs within primordial follicles in the ovarian cortex. Retrieval of ovarian tissue may be performed by laparoscopy, can be planned shortly after diagnosis of malignant disease has been established, and does not require hormonal stimulation.[@b98-cmar-6-105] It is preferable to retrieve ovarian tissue for cryopreservation before a gonadotoxic treatment is initiated; however, it may still be worthwhile after the first courses of chemotherapy in young women and girls, who normally have a high number of primordial follicles in their ovaries.[@b14-cmar-6-105]

Transplantation of frozen-thawed ovarian cortical tissue has been demonstrated to provide recovery of ovarian function[@b101-cmar-6-105] and restore spontaneous fertility.[@b97-cmar-6-105],[@b102-cmar-6-105] Hormonal stimulation with gonadotropins and success after in vitro fertilization have also been reported in women who have undergone retransplantation of ovarian tissue.[@b96-cmar-6-105] Ovarian tissue can be transplanted orthotopically, ie, at the anatomic intrapelvic ovarian site, or heterotopically, ie, at other places, including extrapelvic sites.[@b103-cmar-6-105],[@b104-cmar-6-105] The techniques used for transplantation are currently being improved, in particular aiming at reducing initial ischemic follicle loss in the transplanted tissue, which is a concern.[@b105-cmar-6-105],[@b106-cmar-6-105]

Autotransplantation of ovarian tissue in patients who have suffered from systemic hematologic malignancy is not recommended due to the high risk of retransmission of malignancy, and only patients with a cancer diagnosis associated with a negligible or no risk of ovarian compromise should be considered for future autotransplantation.[@b107-cmar-6-105]--[@b109-cmar-6-105] Methods for detection of cancer cells in the ovarian tissue of patients who have suffered from hematologic malignancy are under development, including immunohistochemistry or the polymerase chain reaction, which can be attempted if there is a genetic marker.[@b110-cmar-6-105],[@b111-cmar-6-105] Investigation for residual malignant cells in ovarian tissue has been done by xenotransplantation in the immunodeficient SCID mouse, but this approach has not been shown to be of clinical use. Ovarian tissue cryopreservation and transplantation has been shown not to interfere with appropriate genomic imprinting in mouse pups,[@b112-cmar-6-105] but further studies in other animal models are needed.

### Future possibilities: in vitro culture and maturation of ovarian follicles

Ovarian follicles cultured or isolated within a piece of thawed tissue will be the option for patients with hematologic and ovarian malignancies, given that tissue retransplantation is considered unsafe due to the risk of reintroducing malignant cells. Although many improvements have been reported for in vitro culture of follicles at early stages aiming at developing them into competent mature follicles, these methods are still in development.[@b100-cmar-6-105],[@b113-cmar-6-105]--[@b115-cmar-6-105] The normality of imprinted genes of cryobanked oocytes cultured and matured in vitro has yet to be verified experimentally.

### Prepubertal testicular tissue cryopreservation

In adult males, mature spermatozoa can be recovered from testicular tissue biopsies and several cryopreservation protocols have been developed.[@b116-cmar-6-105] In prepubertal boys, there is only the possibility to preserve spermatogonia, because no mature sperm yet exist. Success has been reported in cryopreservation methods for prepubertal testicular tissue,[@b117-cmar-6-105] but when preserving prepubertal tissue, more research is still needed aiming at using the frozen-thawed tissue to obtain mature spermatozoa in vitro. Research suggests that in vitro spermatogenesis is likely to be the safest option for boys suffering from hematologic malignancies, which might be retransmitted by retransplantation. Isolation of spermatogonia from contaminating leukemia cells by flow cytometry of a human testis cell suspension has been reported,[@b118-cmar-6-105] and spermatogonial transplantation into the testes may be an option in the future.[@b119-cmar-6-105]

Cryopreservation of gonadal tissue offers hope for survivors of childhood cancer, but also requires careful oversight. Experimental methods for fertility preservation should only be offered to patients at specialized centers working with ethically approved research protocols, and only in cases where the recognized risks associated with the procedure are minimal. Whenever possible, these procedures should be performed with other necessary procedures, such as port placement or biopsies to reduce the need for additional surgery.[@b98-cmar-6-105]

Preventing gonadal damage in females or males by gonadal suppression
====================================================================

It has been hypothesized that administration of gonadotropin-releasing hormone analogs to suppress female gonadal function transiently during chemotherapy could prevent ovarian follicle destruction by inducing a prepubertal hormonal milieu, aiming to maintain the follicles in a dormant state. However, the pool of primordial follicles is normally nonproliferating. The data show that these follicles lack follicle-stimulating hormone receptors[@b120-cmar-6-105] and that their initial recruitment is not controlled by gonadotropins,[@b121-cmar-6-105] thus hormonal manipulation by suppressing gonadotropin release is not likely to affect them.[@b120-cmar-6-105] In mouse models, prepubertal status has not been protective against the follicle depletion induced by cyclophosphamide at doses similar to those used therapeutically in humans.[@b58-cmar-6-105]

In females, the vast majority of clinical studies investigating gonadal protection by gonadotropin-releasing hormone analogs during chemotherapy have been small, retrospective, and uncontrolled. A significant number of these studies used resumption of menses as a surrogate marker for fertility and many reported a higher frequency of menstrual cycles in women who have received gonadotropin-releasing hormone analogs, but none has demonstrated a beneficial effect regarding fertility recovery. The current data indicate that infertility is increased after chemotherapy, even if menstrual cycles are resumed.[@b122-cmar-6-105] A recent review of 12 trials, both randomized and nonrandomized, in women with breast cancer found the benefit of cotreatment with gonadotropin-releasing hormone analogs to be uncertain in female fertility.[@b123-cmar-6-105]

In males, a young age or prepubertal status do not provide protection against damage to the gonads by cytotoxic agents.[@b54-cmar-6-105],[@b124-cmar-6-105] Suppression of gonadotropins and testosterone secretion does not seem to affect the kinetics of developing cells and only blocks completion of spermatogenesis,[@b125-cmar-6-105] and experimental studies using animal models have reported conflicting results.[@b126-cmar-6-105] Clinical studies of males with Hodgkin's lymphoma or testicular cancer[@b126-cmar-6-105] have not found any fertility-protecting effects after using these agents. Based on the preponderance of evidence, gonadotropin-releasing hormone analogs should not be considered as a proven method of fertility preservation in females or males. However, there are other promising pharmacologic agents, such as the Sphingosine-1-phosphate, which may protect ovarian reserve against chemotherapy.[@b127-cmar-6-105]

Current deficiencies in provision of information and fertility preservation
===========================================================================

Despite the evidence that fertility loss in survivors of cancer is related to psychologic distress and impaired quality of life,[@b20-cmar-6-105],[@b128-cmar-6-105]--[@b130-cmar-6-105] many cancer patients of reproductive age still do not receive adequate information or referral to a reproductive specialist for fertility preservation.[@b23-cmar-6-105],[@b71-cmar-6-105],[@b131-cmar-6-105],[@b132-cmar-6-105] This is in contrast with data indicating that approximately three of four cancer patients younger than 35 years and childless at the time of cancer treatment may be interested in having children in the future.[@b18-cmar-6-105] In males, it has been shown that the expected number of patients who should bank sperm before cancer treatment is consistently lower than the expected number of cancer cases in young men.[@b71-cmar-6-105] Reluctance to delay initiation of cancer treatment, difficulties in communicating, lack of knowledge, and concerns regarding the costs of freezing sperm have been discussed, among other reasons.[@b71-cmar-6-105],[@b132-cmar-6-105] Regarding females, access to fertility preservation seems to be more difficult than for males, regardless of economic issues,[@b23-cmar-6-105] which are a recognized barrier for females in some countries.[@b22-cmar-6-105]

To allow cancer patients to make informed decisions regarding their reproductive potential, information on the impact of cancer treatment on fertility and on the available options for fertility preservation should be presented to them in a timely manner. Several multidisciplinary groups, most of them based on oncology and reproductive societies, have organized educational activities and provide resources for both health care personnel and patients regarding fertility preservation, as well as numerous nonprofit patient associations.

Conclusion
==========

The majority of children, adolescents, and young adults diagnosed with cancer today will become long-term survivors. Many surveys of cancer survivors have found that these patients are at increased risk of emotional distress if they become infertile as a result of their treatment. Health care providers should be prepared to discuss the negative impact of cancer therapy on reproductive health with their patients in the same way as any other risks of cancer treatment are discussed. The possibility of using fertility preservation methods should be presented to all patients even if they are ambivalent at the time. Recent reports indicate that fertility preservation may be offered in a safe context, without any risk of delaying initiation of cancer treatment. In this context, prompt referral may increase the cancer patient's chances of receiving appropriate counseling and improve the success of fertility preservation. Interdisciplinary collaboration between oncologists and reproductive endocrinologists, development of local clinical guidelines, and educational activities should be encouraged.
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###### 

Ten leading cancer types for the estimated new cancer cases and deaths by sex, United States, 2014

  Estimated new cases[\*](#tfn1-cmar-6-105){ref-type="table-fn"}                                                                                              
  ---------------------------------------------------------------- ------------- ---------- ---------------------------------- ------------------- ---------- -----
  Prostate                                                         233,000       27%                                           Breast              232,670    29%
  Lung and bronchus                                                116,000       14%        Lung and bronchus                  108,210             13%        
  Colorectum                                                       71,830        8%         Colorectum                         65,000              8%         
  Urinary bladder                                                  56,390        7%         Uterine corpus                     52,630              6%         
  Melanoma of the skin                                             43,890        5%         Thyroid                            47,790              6%         
  Kidney and renal pelvis                                          39,140        5%         Non-Hodgkin lymphoma               32,530              4%         
  Non-Hodgkin lymphoma                                             38,270        4%         Melanoma of the skin               32,210              4%         
  Oral cavity and pharynx                                          30,220        4%         Kidney and renal pelvis            24,780              3%         
  Leukemia                                                         30,100        4%         Pancreas                           22,890              3%         
  Liver and intrahepatic bile duct                                 24,600        3%         Leukemia                           22,280              3%         
  **All sites**                                                    **855,220**   **100%**   **All sites**                      **810,320**         **100%**   
  **Estimated deaths**                                                                                                                                        
                                                                                                                                                              
  Lung and bronchus                                                86,930        28%                                           Lung and bronchus   72,330     26%
  Prostate                                                         29,480        10%        Breast                             40,000              15%        
  Colorectum                                                       26,270        8%         Colorectum                         24,040              9%         
  Pancreas                                                         20,170        7%         Pancreas                           19,420              7%         
  Liver and intrahepatic bile duct                                 15,870        5%         Ovary                              14,270              5%         
  Leukemia                                                         14,040        5%         Leukemia                           10,050              4%         
  Esophagus                                                        12,450        4%         Uterine corpus                     8,590               3%         
  Urinary bladder                                                  11,170        4%         Non-Hodgkin lymphoma               8,520               3%         
  Non-Hodgkin lymphoma                                             10,470        3%         Liver and intrahepatic bile duct   7,130               3%         
  Kidney and renal pelvis                                          8,900         3%         Brain and other nervous system     6,230               2%         
  **All sites**                                                    **310,010**   **100%**   **All sites**                      **275,710**         **100%**   

**Notes:**

Estimates are rounded to the nearest 10 and exclude basal cell and squamous cell skin cancers and in situ carcinoma except urinary bladder. Reproduced with permission from John Wiley and Sons. Siegel, R, Ma, J, Zou, Z, Jemal, A. Cancer statistics, 2014. *CA: A Cancer Journal for Clinicians*. 2014;64:9--29.[@b26-cmar-6-105] © 2014 American Cancer Society, Inc.

###### 

Fertility-sparing interventions in female patients

  Diagnosis                                                                                Type of surgery                                              Description                                                                                                                                               Obstetric outcome                                                                                              Oncologic outcome
  ---------------------------------------------------------------------------------------- ------------------------------------------------------------ --------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Cervical cancer stage IA1, 1A2, 1B1                                                      Radical vaginaltrachelectomy                                 Laparoscopic pelvic lymphadenectomy. Vaginal resection of the cervix and surrounding parametria keeping the corpus of the uterus and the ovaries intact   Spontaneous pregnancies described in up to 70%. Risk of second trimester pregnancy loss and preterm delivery   Rates of recurrence and mortality are comparable with those described for similar cases treated by radical hysterectomy or radiation therapy
  Borderline ovarian tumors FIGO stage I                                                   Unilateral oophorectomy                                      Removal of the affected ovary only, keeping in place the unaffected one and the uterus                                                                    Pregnancies have been reported with a favorable obstetric outcome                                              Oncologic outcome is comparable with the more radical approach of removing both ovaries and the uterus. Recurrence 0%--20% versus 12%--58% when only cystectomy was performed
  Ovarian epithelial cancer stage I, grade 1                                               Unilateral oophorectomy                                      Removal of the affected ovary only, keeping in place the unaffected one and the uterus                                                                    Pregnancies have been reported with a favorable obstetric outcome                                              7% recurrence of the ovarian malignancy and 5% deaths
  Malignant ovarian germ cell tumors/sex cord stromal tumors                               Unilateral oophorectomy                                      Removal of the affected ovary only                                                                                                                        Pregnancies have been reported and favorable obstetric outcome                                                 Risk of recurrence similar to historical controls
  Endometrial adenocarcinoma grade 1, stage 1A (without myometrial or cervical invasion)   Hormonal treatment with progestational agents for 6 months   Follow-up with endometrial biopsies every 3 months                                                                                                        Pregnancies have been reported                                                                                 Recurrence rate 30%--40%; 5% recurrence during progesterone treatment

**Notes:** This material is reproduced with permission of John Wiley & Sons, Inc. Wallberg KA, Keros V, Hovatta O. Clinical aspects of fertility preservation in female patients. *Pediatr Blood Cancer*. 2009;53(2):254--260. Copyright (2009 Wiley-Liss, Inc.).[@b14-cmar-6-105] For additional information see Sonoda et al,[@b133-cmar-6-105] Morris et al,[@b134-cmar-6-105] Morice et al,[@b135-cmar-6-105] Tangir et al,[@b136-cmar-6-105] and Seli and Tangir.[@b137-cmar-6-105]

**Abbreviation:** FIGO, International Federation of Gynecology and Obstetrics.

###### 

Radiation therapy protocols with high or intermediate impact on ovarian and testicular function

  ---------------------------------------------------------------------------------
  **Prolonged azoospermia in males or amenorrhea in females**
  High risk
   Total body irradiation for bone marrow transplant/stem cell transplant
   Testicular radiation dose \>2.5 Gy in adult men
   Testicular radiation dose ≥6 Gy in prepubertal boys
   Pelvic or whole abdominal radiation dose ≥6 Gy in adult women
   Pelvic or whole abdominal radiation dose ≥10 Gy in postpubertal girls
   Pelvic or whole abdominal radiation dose ≥15 Gy in prepubertal girls
  Intermediate risk
   Testicular radiation dose 1--6 Gy from scattered pelvic or abdominal radiation
   Pelvic or whole abdominal radiation dose 5--10 Gy in postpubertal girls
   Pelvic or whole abdominal radiation dose 10--15 Gy in prepubertal girls
   Craniospinal radiotherapy dose ≥ 25 Gy
  ---------------------------------------------------------------------------------

**Note:** Reprinted with permission from Rodriguez-Wallberg KA, Oktay K. Fertility preservation medicine: options for young adults and children with cancer. *J Pediatr Hematol Oncol*. 32(5):390--396.[@b48-cmar-6-105]

###### 

Chemotherapy agents with high or intermediate gonadotoxic impact in females and males

  -----------------------------------------------------------------------
  **Prolonged azoospermia in males or amenorrhea in females**
  High risk
   Cyclophosphamide
   Ifosphamide
   Melphalan
   Busulfan
   Nitrogen mustard
   Procarbazine
   Chlorambucil
  Intermediate risk
   Cisplatin with low cumulative dose
   Carboplatin with low cumulative dose
   Adriamycin
  Low risk
   Treatment protocols for Hodgkin's lymphoma without alkylating agents
   Bleomycin
   Actinomycin D
   Vincristine
   Methotrexate
   5-Fluorouracil
  -----------------------------------------------------------------------
